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For the Non-mathematical Teacher

The writer is an ex-Latin-teacher with thirty vears of
teaching experience who was attracted to testing by the
fact that <o much nonsense is written and spoken about
edueation. He wantid to find ont. at least in his own
classes, what worked and what did not work by means of
tests of his own constraction—bhoth exsav tests and objec-
tivee tests, Sinee it took him longer than he cared to spend
to analyze his test results by the precise and  elegant
methnds favored by siatisticians, he gradoally learned or
developed short-cuts that yvielded approximately the same
results,

All of these short-cuts have passed two hasic tests, First.
they were all applied to actual data hy the writer's san
while he was in the eighth grade. making B's in arithmetic.
and he had no trouble with the mathematics. Second. they
bave all been disenssed with competent statisticians who
wineed slightly hut agreed that the methods are valid for
the purposes for which most teachers will use them. and as
precise as the data from classroom tests will ordinarily
warrant.

Iem-analysis

Item-analysis by a show of hands. One of the chief advan-
tages of pnblished tests over teacher-made tests is that the
former are pretested on a large numher of students like
those for whom fhe test is intended, and then the pro-
fesxsional test-maker gets figures on (a) the suceess of the
group on cach item (what percent got it right): (h) the
diseriminating power of each item (based on how many
more high-scoring than low-scoring stndents got it right);
and (¢) how many high-scoring and low-scoring students
chose cach response to each item. The test-maker then
discards items that are too hard. too easy. or non-discrim-
inating, or else touches up items by revising some responses
or substituting others. Usually at least halfl of the items
that are pretested in this way are either discarded of re-
vised, and the final fotm of the test contains only items
that are likely to work well.

Teachers cannot pretest items for important tests on the
same group that is to take the final furms of these tests.
for that would show them what questions were going 1o be
asked, and students would bone up on them. Hawever, if
teachers item-analyze each important test after it is given,
they can gradually build up a file of test items that have
worked well in the past or have been revised to eliminate
faults that appeared in earlier forms. This file will hoth
reduee the work of constructing tests and improve the
tests. If the file is large (as it very soon will be), stundents
seldom learn what questions to expect. Examiners report
very little tendency for old items to get “easier” as the
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P'afortunately, the only way of making an item-analveis
that is cxplained in the books on tests and measurements
s s lahorious and time-consnming that no teacher who
has tried it onee s ever likely to try it again. It consists
of preparing o form and then putting down a tally for
cach student’s response to overy question—in othet words,
vopeing all answers to alt questions. If there are 40 ques-
tions in the test and 40 students, that means putting down
1600 tallies. If one is careful, it also means checking
every allv, sinee nothing is easier to misplace than a tally.
I one skips an item. for example. all of the tallies down to
the point at which one discovers the error will record the
student’s answers to the wrong questions. Henee there will
he at least 3.200 operations to perform, not counting the
correction of errors. for cach forty-minute test in one class,
It is not surprising. therefore, that item-analysis is almost
never applied to teacher-made tests, even though it is the
hasie operation that all published tests have to undergo
smnd the basie reason for whatever superiority they possess.

Yet all of this work ean be done by a show of hands in
elass in so little time that students do not resent it Tt adds
areatly to their understanding of the test and is a better
basig for elass discussion of items that gave tronhle than
having students suggest items to discnuss. The bright stu-
dents are naturally the first to respond, and they tend to
sugzest iteins that present suhtie problems of interpreta-
tion. One may never get to the items that reveal the basic,
weaknesses of the class.

For routine tests. the teacher may call out the numbers
of the items one by one. Each student holding a paper that
got that itemn 1erong holds up his hand. The teacher counts
and annonnces the number of hands that he sces for each
item, and writes that number opposite the item on his own
copy of the test, encircling items that eall for discussion. Tt
goes like this: A

“Item 1. How many of you are holding a paper than got
item 1 wrong? Hold up your hands. T see three hands. Any-
one else? Let me repeat my question to make sure that yon
have this straight. Look at item 1. Is it marked right or
wrong? If it is marked wrong. hold up your hands. T now
see four hands. Larry, what was the trouhle? You thonght
1 meant right? No. that is the other kind of item-analysis;
here T just want to find out which items gave us the most
trouble. Now go on to item 2. Hands? I see two hands. Item
3? No hands. Did nobody get it wrong? Very good. Ttem 4.
I sec fourteen hands; we'll have to discuss that one. Item 5,
zero, Item 6. two.”

And so on. Remember that the teacher records the num-
ber of errors opposite each item on his own copy of the

"test, and encircles questions that enough students missed
.to warrant discussion. .

For more important tests, the teacher may want the
“high-low” type of item-analysis that will also reveal the
discriminating power of each item, as shown by the fact
that more high-scoring than low-scoring students got it
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right. Professionals use thu top "” 0% in mlal smr(& on the
tost as the “high” group, the holtom 27%, as the Ylow.” 11
the teacher uses these proportions, he can use the [tem
Analysis Table prepared by Chung-Teh TFan in
(available through Office of Information Services. 18 dun-‘
lional Testing Service, at two dollars per capy) to ]Upli S

Call the itémestatistics discissed in the following section,

_ ment.; because part of the tun is the pure swank of knowing -
. .what the experls are talking about,.and knoting that one.

The writer, who has been conducting these item-counts

by a show of hands [or years in his own .classes, prefers

using top ardd boltom halves for the reason Lthat olherwis)

the whole middle hall of the class has nothiiig to do during’

the ilern-analysis and feels lelt aut and gets inlo mischiel.
Onc must expect smaller dilferences in percent correct than
ane would get between the top and botlom 27%, but.it is
slill quity clear how much of a difference is desirabfe. It
ought {o he al least 109 of the class. In a class of 40 stu-
dents, at least four more students in the top hall than in
the bottom hall should gel an item right.

This figure was not chosen at random. or by rule-of-
thumb. Here we must gelt just-a bit technical for a mo-

has comparahle mecs for one’s own -tesls. The index of
digerimination that they use is called. the “biserial correla-

tion, with total test.”” It is a decimal that shows to what .

extent. success on the item is related to success on the test

as a whole. Putting it another way, it {ells the exlent to -
“which poop_lb who did well an the whole test did better.on
this particular Hem than-people who. did poorly ‘on the '
~whole test.” The: professionals like to’ have ‘their average '
! bigerial abovi-.4

4 and are quite proud-éf thom&,elws if it hits
.5 or.abové.-They look harl at items with biserials helow
.3 and cither touch themi-up or get rid of -them *mlesq they

' can prove on other. rrround.s that ‘the ilem is.: good item
- that is not clnsc!y related. to the rest.of the test.

k"_ correctly):

.E\.

Aruitoxt provided by Eric:
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Now, it jusl hdm)cns that, for items’ m the middle range
of difficulty (lhal 5% to 75%, of the students answered

pruumatcly equ-ﬂ to three times the high- law dlﬂ'ernnw
expressed as a percent ol the class, This .is true-when the
high-low difference is ‘hased oft high-low halves of L1 class
—nob otherwise. If the high- low “difference.is four., and
this is 109, of the class (of 40 students), the: hiserial cor-

relation of this item with the total test will be dpproxi- -

mately .30, If it-is six, or 15%- of the class, the biserial will
be npproumdtoiy A45. This approumatmn does not got

seriously wrong -until one reachiesiitems’:that. more than-

809, or fewer than 20%, of the class .mswered oorret_tly
For these extremely easy or e\heme]y dlﬂ'cult itoms, jt is
usually a serious andereslitnate -of the irue b)serm] One

“consolation is that, while such ilems.-may. be: ]ug,hly dis- -

criminating, they discriminate for a very small fraction. of
the group. Still, onc occasionally wanis-a very easy or a
very hard item. Tn such cases a’ hlffh low dlﬁ"erencc of even

5%, of the class may be quite acceplable, and ccrtamlv

"anything higher.is hard to get. but the difTerence between

high-low halves is not a good index at these extremes.

Do not.fear that you will have to compule these percents | -
for every item. When you begin each item-analysis, divide:

the number of students who are prescnt by 10 and round
to lhc\ nearest whole number. IF 38 are present the mini-
mum acceptable high-low difference wﬂl be 4. If an item
exceeds this number, its diserimination is satisfactory; if

not, you will have to look at it to see whether anything is

wrong.

- o
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_random into the high and low piles until the numl)m}

-score-keeper and will write tho,f‘guleq for each item or

right holds up his hand. The counter for the highs
’ L(‘en

the biserial correlation with-tolal. test is ap- -

. the proper short form of the question is,
S lugh" the, low? the total? the difference?”

f\Hm you or the studvnlq have ﬁms}\vd scoring the L(“«t
arrange the papers in. dcscgn(]mg order ‘of tolul scores
count down'to the middle score. Snppmu this score iis 21
and five studwntq made it. AH papers above this seQre
ohviously go into the high ;.roup, those helow go into {hi
low. But what aboul the five middle papors? Put them at
i in
each pile are equal; Il you have an odd nunber of students,

Hold out one middle paper and do not co.nt il in the item- |

the
the

analysis. The student who does: nol get a paper will be

blackboard; atherwise the tea(‘hu will do it

Now. it is necessary to }hIV(‘ a clear separalion bntwr'on
the "highs” ‘and the “lows” in the’ classroom. To “avoid
shifting the students, those : ‘on- the right may {,LL the high
papers, those on the left th(, low; or thosc in front/may
get the highs, those in hack the tows. The teacher np|$mntq
a counter for ecach group; to call out Li-2 number of h.mds
raised in his part of the'room for each item. f

'\rrl :

The four fizures oblained for each liem m'ly be ('ibd(’d_

an(. lc(‘npd as foilows

,T,'— t’hé' number Gf‘vlows.\‘vho f*tvt the ilem right

H+L= “SUCCLSS”V(the total numbor who got the item

R right)

- L "DISCRIMINATION” or “thc ]'Il;,h low dlﬂﬁ’l r'n('e"

(how many more hlghs than fows gof the 1£enr rlght) :

The teatflc_x' ca]ls out the aumbers of the items [one by_‘
“Ttem 1.” Everyone ‘whose paper got that item

one: e.g.,
calls out
[ “Four-

the number. of upraised hands in his section: oL,

two figuros and calls’ out the tolal: e.g.,

calls out the! dz/]mence Y-

Then the counter for the lows mlls out the numher
_of upraised hands in his scction: e.g., “Right.” The score-
* keeper, he ‘e ‘teéacher or student, 1mmedlate1y ad[ds these |
“Twenty-lwo.” He -
then subtracls the Tows [rom ihe highs (in his. head) and o
Sn\ " Everyone copies these: ~, I~

four figures’ at the bottom of rtcm 1 on the copy o[ the test’.
that he is holding: 14 8 22" 6. There is no neecl to label -

them, since; this is a standard sequence, and befor(, long

_H= thc number of }iighs who got the item right [
e |
t

evpryone wnll l\now what it: méans. The rhythm’ ‘of the »! .7

operaflon is ﬂ])prommately as Iollowq Ttem 1. Hands.
Pause for counhng 14.-8: 22. 6. Item2.". ... If-the teacher
or a student wants to call for any . of these ﬁgm?es again,

Aﬂm a Qittle practlce the complete item ‘an'xlvsm for a

‘“What was thc’

- one- perlod test will- take: between ten. and twenty minates, -

depending - on the number of 1t0ms Tt wouid fake the. =

teacher at least iwo hours to do i
make far more mistakes than will be made’in chss, where
every alert student will be only too happy to pounce on

any mistake in counting, adding. or subtmctmg' Teachers

in the writer’s measurement classes have conductod such -
item- analyses as far down as the fourth gmdeJ and-have ' .
reported that the students had no trouble understanding =

the procedure or carrying it out. At the other End of ‘the .

“scale, even students in graduato ‘courses ‘do not resent it.

1t gives them visual, auditory, and tactile clues-tc; the sue-

cess of the class-on each item, and it shows thém graph-

ically’ and convincingly “which itema separated}vt'h_e sheep‘

.;[ i

at 1\eme,- and he would




from the goals. Théy gel personally involved in finding oul
how well the class did on the test, and why they went
wrang on the itoms that gave trouble. By contrast, if the
teacher does all the work for theip al home and hands
them the results of his analygis on a platier. no one will
understand and no one will he interested, They have o get
into the act if the analyvsis of a test is to be a moving-and
enlightening experience.

Standards for test items: surcess. Tt is a common helief
that mosi tests should start with very casy items, gradually
got hard~r, and end wilh overy hard items. 1 this sequence
is hard {o arrange, at least the {est should cover a wide
range of item-difficultics. While many professionals share
this view, il is worth. knowing that practically every serious
investigation of this problem since 1932 has come up with
the npposite conelusion: that precision of measurement is
groacest whoeo all of the items in ‘o test are aboud equally
diflicutt for the rroup tested: that maximum reliability and
dispoersion of scares will be attained if every item in the
usual sorl of multiple-choice test is answered correcily by
somewhere between 60% and 70%, of the students tested.
We do not want to insist on this point; since the advantage
of a narrow range of item-difficuities is very small in rela-
tion to other sources of yalidity and reliability, dml since it
is usually almost impassible to achieve a narrow range of
item-difliculties. Stil, teachers should know that if they
sweal hard in order to achieve a nice progression from

casy to difficult. their effort has probably been wasled, and.

"

its most probable effect will be precisely the contrary of

what they expect. They expeet it to yield a wider spread
of scores. What it actually yields is a narrower spread of
scores than if all the items were of approximately equal
difficulty. Hence items that more than 909 got right should
be questioned as oo easy, and items that fewer than 30%,
got right as too hard for inclusion in a test. Questioned,
mind you, nol rejected—for they may he justified on. other
grounds.

Standards for test items: discrimination. It “has already

been indicated that the minimum acceptable high-low differ- -

ence hy professional slandards is 10% of the class, and why
this is so. except in very easy and very hard ilems. The
“standard exror” of this sort of high-low difference, how-
ever, is so large that at least a fifth of the items that turn
out to be quite discriminating after repeated wse may [lall
below this =l’an(|ard in any oune administration of the test
by pure chance. Hence we should be wary of rejecling an
item if it falls below the suggested minimum the first time
it is (ried: if, after due consideration, we can find nothing
wrong with the item. It is quile strict enough {o say that
not more than a fifth of the items in the final test should
fall helow this standard, and the average high-low differ-
ence shonld be above 109 of the class—prefervably 15%
or above. High discrimination spreads dut the scores as
widely as possible and hence increases the reliability of the
{est.

A teacher who uses this method of item-analysis will soon
find out that high-low differences for some of his items will
be zero or hegalive: thal is, the same number 6f studems in
the top and boltom halves may get them right, or more
low-scoring than high-scoring btudenfs may pick the keyed
answer, One of the chicl uses of 1Lcm-analy515 js to direct
aLtcntlon to su(,h items. While this sort-of thing can happen
by pure Lhance a closer look at Lhe item will .of ten reveal
why the- bctter students shied away from the intended

ERIC

Aruitoxt provided by Eic:

answer. One can touch up the ambiguity or inaccuracy and
thereby save not only the i »m bul the resentment of [uture
stidents who woeuld be bright cnough o detect the error,

Al diserimination figures look wonderful toward the end
of a test that anly The high-seoring students were ahle to
finish. For example. it may appear that almost all of the
high-scoring students and none of the low-scoring students
answered the last item covrectly—which would he ideal if
it were not spurieus. Al the low-scoring dludents might
harve known the answer hut simply did not reach the item.

Alter a (ifth of the studoents hm/o;lrr:ppcd out, item-analysis -

figures are so misleading thal 1 is well nof o continue
Lhe analysis heyvond this point.

Second stage of item-analysis. There may he a few items
in a test that turned out to be too easy. too hard, or did
not diseriminate satisfactorily for no apparent reason, and
class discussion does not reveal anything wrang with them.
If there is time. these may be subjected to a secnnd stage
of item=analysis, which is too laborious and time-consuming
to apply to more than a few items. For these few items, one
asks how many in the high group. and then how many in
the low group {(a) omilted the item. and (b) chose cach
response. Results tike the following may indicate what is

Avrong:
Responses

© o omi I 2 3 4 8

High . 0 119 0 0 0

Low 0 14 4 2 0 0

The right answer, response 1, is indicated by a line between
the highs and lows who chose it. Three more lows than
highs chose it; hence its index of diseriminalion is. ~3.
Why? The figures for response 2 suggest an answer. This
response was too atiractive to the high-scoring students.
Perhaps . they thought response 1 was too obvious; they
suspected a trap; then they figured out some interprelation
of response 2 that they could defend as the right answer.
If so. discussion should reveal what interpretation they gave
to response 2, and it can he revised in a way that does not
permit the interpreiation. At the same time, responses 4 and
5 might be made u shade more plausible, but still definitely
wrong, because in iheir present form they were wasted;
nohody chose them. Tneidentally. item-analysis has prob-
ably been a factor in reducing the five-choice item. which.
was standard a generation ago, to the four-choice item
which is more popular today except ‘1 a few item-types
(such as spelling) in which the fifth response is usually
“none of these.” Item-writers were not very successful in
framing five responses that were all sufficiently plausible
o “draw bleod.” )

!
The Standard Error

The standard error of a test score. Since we have already
introduced the concept of “standard error’” in connection
with high-low differences, this may he 'a good time to
extend the coﬁ'ceplts to test scores. The first thing to be
said about it is that the standard error is not computed
in the same way in these two cases and is not of anything '
like the:same magnitude. If you look in the index-of a text-
hook of elementary statistics, you will find at least fifteen
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different kinfls of standard errors: of scores, m’(:mgos.
differences. cprrelations, proportions, ete, 'They are all com-
puted differdntly and yield figures of different orders of
magnitude. IThe standard orror of an average, for example.
i« usuallv myeh smaller than the standard error of o single
score, while the standard crvor of the difference bhetween
the two scorf{s is larger than the standard error of either
scove, They pll have thes basic mdaning in common., how -
ever. Suppode you repested o certiin measurement operi-
tion a hundded times and kept averaging the resalts until
no Turther repetitions would change that average one iota.
You may think of thal final average as the “{rue™ measure,
no madter wh ether s a score on spelling, the average of
a Class. the [ufference hetween two elasses, the correlation
between spefling and verbal intelligence, ar whatnat. You
might then [mark off 1he points that would enclose the
middle fwolthirds of the figures vou pot on the various
trinls on vofar way- to that final average. You would call
these pointg one standard error above the lrue measure
and one stapdard error below {t, You might then go on to
mark the points that would enclose the middle 957%, of all
the figures jvou got on the various trials. You would call
these points two standard crrors above the true meastre
and two standard errors below. There would still he A9y,

of extremely deviant figures bevond these fwo poeinis. but
the limits of two standard errors would enclose most of the
figures thal you would gel.

The troyble with applying this concept Lo testing is that
we are nevier sure what the “true’” measure is. since we do
not have time in schools o measure the same aftribute a
hundred times, and if we did. we wouald change it bevond
recognition. But statistical theory permits us to compute
the standard error of most measurement operations on the
first trial, pnd then weean say that the chances are {wo out
of three that the oblained figurcs lies within vne standard
error of the true figure, and 95 out of 1060 that it lios within
two standjird errors.

The next thing to be said about the standard error is
that it is| not the same as the “probable error™ that was
popular g generation agn, but it is based on the same idea
of the Himits within which measures may vary hy pure
chance, and cither figure may be translated into the other.
The chidf reason why the “prebable error” is no longer
used is that there is no way to compute it directly: one
first hag to compute the standard error and then take
approxithately two-tliirds of it to get the probable error.
The only point id doing 50 was that the early stalisticians
thought|it would be easier for the hayseeds to grasp the
idea that the chances were fifty-fift- that the obtained
figure \;vou!(l lic within one “probable error™ of the true
figure, father than that the chances were two to one ihai
it W()ul?’? lie within one “standard ervor,” On mature reflec-

tion. however, it seemed that the first idea was not really
any eagier to grasp than the second, and it was rather silly
to keep on performing an extra operation every time one
computed an error of measurement just to make the figure
more appealing to the laity. The name “probable error”
undenjably had more popular appeal, but the appeal was
spurinus on two counts. First, this kind of “error” is not
“probjible”; it is certain, Second, it gave the idea that some-
one njay have made that much of a mistake in taking the
meastire. If any such mistakes are made, they are not in-
cluded within this type of “error.” Ii must he undersioord

S0, yvou are not goong to gel the same figure twice except
by Tuck, The “error™ indicates within what Timits the oh-
fained figures are likeiv (o vary by pure chance.

Nuot all kinds of climee, however. 1T a teacher goels angry
al the students who were absent during a erucial examina-
tion and sees to it that the make-up test is harder and
nuarked more severelv, their scores will dip in a way that
could not be predicted mathematically, dfisfakes in writing
ftems, searing, nr'm:u-king uninlended answers and exteraal
cirepmsianees that may affeel scores, such as sickness,
noise. interruptions, hot sticky days, ele, are also beyond
the pade of the standard error. The only kind of variation
in scores that is standard and therefore measurable is
“sampting error” Suppose vou wanl {o find oat how well
vour students ean spell. Thore are al least 600,000 English
words thal vou might ask (hem to spell, but let us suppose
that there are only 10,000 that they would ordinarily he
asked 1o spell by the end af grade 6. If vou seloct 100 of
1hese words completely of random and get an accurafe
seare on the number they were able to spell, the seore will
pive you an estimate of the percentage of the 10.000 words
that they are probably able to spell. But il you take another
100 words Trom the same pool of words completely at ran-

dom, you know that very few students will get exactly

the same scare as an the first 100. This variation, due to
the sample that happens Lo be chosen, is what the standard
Crror means,

The variation will be much larger i wwo .different
teachers independently try to find out how well the same
class appreciates Flantlet. Here the number of valid ques-
Lions that they might ask is theorelically infinite. bui each
has time to ask anly 40 questions. If we can regard each
set of questions as a random sample drawn from an infinite
pool of ilems lesting the same ability, the variation in
scores from one such sample to ancther is the sort of thing
that is mcasured by the standard errer. In praclice. the
varidation will be mwuch grealer. since the teacher’s bias will
affect his selection of queslions: one may be a hear on

.character development, the other on figures of speech. They

are not measuring the same attribute atl all, even though
both call it “appreciation of Hamlet.” -

For these reasons, the standard error weounts for only a
“small part of the variation in scoros that may be expoected
in practice. but it is quite large enough fo make us want to
get several independent scores hoforh we make up our
minds as to the degree of success of our students in #attnin-
ing the objectives of the course. The standard error tells
within what limits scores may he expeeted to vary by pure
chance in ithe selection of items. 11 we add to that our own
bias in the sclection of items. the stuprd mistakes we make
i writing the ilems and in scoring thom, and cvternal
circwmnstances that may affeet the ability of the students (o
answer the questions. it is obvious that the variations we
may cxpeel between two independent mieasurcs of an
ahility that we refer to by a single name may be quite
large. It is not so large. however. that we should despair of
ever being able to find out which of our students have been
more successful than others in atlaining the ohjectives of
the course. Since we .usually have them for a full year. we
need never rely on a single measure but can give them a
long series of measures. Any one measure is like any one
baseball game, in which the team that is in the cellar may
clobber the team at the top. Butl over the whole season. the
team that is really superior will rise to the top, and the
team that is really inferior will fall to the bottom.

Q
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This table may be interpreted as follows: In an objective
test of 5O items. two seores oul of three will lie within 4
raw-score points (one standard error) of the “true store”
these studrnts would altain if you continued. testing with
roepeated random samples from the universe of items testing
the same ability, and 959, of the scores will lie within 8
raw-score pwints (fwo standard prrovs) ol “true scores.”
The relatively fow scores at the eatremes will have slightly
smaller standard errors. as indicated under “Exceptions,”
huat there are usu:?{fy nol enough of these to justify sepa-
rate treatment. '

If your local Director of Research casts aspersions on
this table. agk him to read two arlicles by TFrederic M.
Lord. “Do Tests of ther Same Length Have the Same
Standard Errors of Measurcment?” and “Tests of the Same
Length Do Have the Same Standard Trror of Measure-
ment” in Educational and Psychological Measurement.,
XVIT 4 (Winter, 1957): 510-521; and XIX. 2 (Summer.
1959): 233-239. '

When are two test seores “really” different? Cooperative)

the first major test publisher to enforce atiention to th
standard error of test scores by reporting scores on its nev
SCAT and STEP tests as bands rather than as .points
Bach “band” extends from one standard ervor helow thg
obtained score i{o one standard error above. and it is ex
ptained that the chances are two out of three that thf
“true” score lies somoewhere within this band. Teachers arp
urged not to regard two scores as “really” different unles
the two bands do not everlap: lLe., unless the two scores ane
at least two standard errors apart. > ) )
While this is a great improvementl over previous practige
in interpreting dilfere ices belween scores, a téacher who
has managed to read chis far without losing his grip mq
wanl to carry this line of thinking a step further in ord
to get hold of the concept of “the standard error of a diff¢r-
ence.” Tt was indicated in passing ow page 4 that ihe stard-
ard error of a dilference between two scores is larger than
the standard error of either score. Think of the difference
as a rope tied helween two stakes, which are the «wo scores.
Since there is wobble in hoth stakes, there is bound to|be
more in the rope than there is in cither stake.
To get the standard error of ihe difference belween
scores, square the standard error of each score, add the
squares, and take the square root. For example, it
shiown above that the standard error of a terr of 24-47
items is 3 (rounded to the nearest whole number). Three
squared is nine. the square of the standard eeror of gach
score. Nine plus nine is eigliteen, the sura of the squargs of
the standard errors of two such scores. The square rot of
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18 is approximately 4%. This is the standard erfor o the’

difference between the two scores. You can see al oncejthat
it is appreciably larger than the slandard error of ejther

score, which is 3.

Now, if vou want te he 959 sure that the lwo scores

represent a true difference in ability, the difference between
them oughl to be twice the standard error of the difference
—not twice the standard errcr of either score. In other
words. Lthe wo scores should he at teast 814 points apart.
nof. just 6 points apart as the Cooperative Test recommen-
dation implies, The Cooperative people are well aware of
this point but do not use it in reporting scores because
(1) it would be too complicated for teachers to gquare, add.
and lake a square roat before comparing any two scores;
(2) if twa hands do not overlap, they wvsually o not tanch,
amid the distance belween them is likely to reach statistical
“significance™ (3) even when they do touch. the difference
hetween (he fwo scores is “'significant™ at abeut the 15%
level, which is good enough for most elassroom purposes.

Levels of significance, When people report “findings”
ralher than “epinions.” it is common practice for them to
tar each Minding™ as )
(significant at the 25 levol):

* {significant at the 59 level);
NS (not significant}.

The last s professional shorthand for “not significant

even at the 5895 level.” Thuys, the difference bebween iwo

Cooperalive Test scores whose bands touched hut did not
overlap would be reported as “nol significant’—hecause it
is significant only at the (5% level. That is. oul of every
100 dilferences of exactly this size, 15 might be due to pure
chance in the selection of items for the tesl. In any one of
these cases, there is no way to tell whether the difference
was “real.” One can only report. after computing the

J“wobble” in the measure, that there are 15 chances in a

hundred that it mighl have been a fluke. That is commonly
regarded as “not significant.”

Tt is obvious from this that a statistician is a man who, if

. he remaing trde to his prinéiples, would never bet on horse-

“races. He is willing to say that a difference is “real” (i.e.,

not a chance difference) only i there are less than five

clances in a hundred that the obtained difference could

have come about. by accident of sampling. Even this 1§ con-

sidered rather a grave risk, and he is really happy only
when there is less than one chaice in a hundred that the
difference was a fluke. Since he also has a knack for invent-
ing names that mean the opposite of .what the layman
would thinlk he meant, he calls these two points “the 5%
level” and “the 1% level.” These sound as though the sec-
.ond was less significant than the first, but the opposile is
true. The first means thai there are less than (ive chances
in a hundred that the difference is a fluke; the sccond™that
there is less than one chance in a hundred. Although‘he
would shudder at the loose language, surely we are justified
as laymen in thinkung of the first as **95% sure” and the
second as “99% sure” that the difference is “real.” We
oueht, hawever. to be sure-looted in our definitions of these
looser terms. “Real,” for example. here means only “non-
chance.” It does not necessarily mean “true,” for if an
experiment was set up by a very biased persan. it might
yield resulls that were the opposite of the truth (as it ulti-
mately emerges from the consensus of later investigators).
It would still be proper to say that the results obtained by

the first investigalor did not arise by chance—hy accident

of sampling. They arose from bias.
Since bias, stupidity, and carelessness seem far more
likely to the layman to vitiale the resulis of experiments

. than pure chance, he wonders whether it is worth while to

=
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discount {he elfecl of chance alone. The answer seems to
be that it is worth while, chiefly because ahnost all educa-
tional measurements contain so large an element of pure
chance that many score dilferences can be attributed to
accidents of sampling. The critic can go on to consider
whether the remaining differences are trize and important,

or simply the logical result of the stupid and hiased way .n ~

which the experiment was conducted. -

But how does one establish these two levels of “signifi-
cance”’? First, a difference is significant at the 5% level if
the difference is lwice as large as its own standard error
(not the standard error of the two scores, but the standard
error of the difference). It is significant at the 1% level il
the difference is 2.6 times as large as its own standard
error. You divide the difference by its own standard error,
and il the quotient is hetwecen 2 and 2.6, you are in the
clear; il it is 2.6 or more, you are on velvet—or, as the

_stalistician would say, “not in the chance domain.” There

is. ol coursc. no reason to set any particular limit as the
houndary between reality and chance, but the 5% and 1%
levels of significance are mast commonly reported for the
sake of simplicity, There are many other “tests of signifi-
cance,” but this one is probably the most widely used in
educational research, and sufficiently representative to give
you the basic idea.

Philosophic digression. Since it is as hard for the writer as
for an equally non-mathematical reader to keep his mind
on the mathematics of the testing situation, perhaps we
both may be lorgiven for pausing a moment to cackle over
the rather odd definition of reality that has come to be
accepted as a rule of the game by people who ate searching
for reality in the supremely important area of the growth
of the mind. Such people may be visualized as primitive
parenils who are standing the minds of their children up
against the back door and measuring the aspects of those
minds that they know how to measure at all with a foot~
rule that stretches or contracls every time it is used. All

-that they fcel safe in saying-about their measures is that

two-thirds of the time they come within an inch of the true
figure, but five percent of the time they are more than two
inches off. Therelore, -before they say that the mind of
Susie has grown.up more than the mind of Joe toward such

a goal as the appreciation of Hamlet, they ask that the~

difference between them be at least twice the amount that

. the ruler will strétch (or contract) in measuring such dif-

ferences. and preferably 2.6 times that amount. Since the
standard error of any one measurement with this ruler is
one inch, its standard error in measuring a difference will
he—how much?

Square the standard error of Susie’s measurement. 12—1.
Square _the standard error of Joe's measurement. 12—1.

Add the two squares. ' 2
Take the square root. 14

Thus the standard error of our ruler in measuring -a
differznce is 1.4 inches. (If you do not know how to extract
square roots. any math teacher can give you a table of
squares and square roots of numbers between 1 and 1,000.)
Then, by the rules of the Ancient and Honorable Order of
Measures, we are allowed to certify that Susie is bigger
than Joe in appreciating Hamlet only if she is at least 2.8
inches bigger on our fallible foot-rule (itwice the standard
error of our instrument in measuring differences). IT other
members of the tribe want to know how certain that verdict
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is. we can tell them that. il there were no true difference.
an apparent difference as large as this would turn up less
than five times in a hundred measurements of the sarne
kind. If they have an immense prize of a ton of gold for
the best appreciator of Hamlet (surely a wise invesiment
far any community) aud want to be surer than that, we can
insist thal Susie be at least 3.6 inches higger on this wobbly
instrument (2.6 times the standard error of the instrument
in measnring differences). Then we con certify that the
chane.  re less than one in a hundred that we wonld get
a difference as large as this if there were no true «ifférence.

Obviously there will be a great clamor among the more
ignorant members of the tribe that this is no way to go
about it; the thing to do is to buy a steel {ooi-rile that will
not streteh or squecze an every measurement and that will
yield absohitely exact results. Alas. there are no such in-
struments for measuring the growth of the mind. and we
have to put up with those we have. Of course. there will be
members of the tribe whao will insist ¢that they can ask Susie
and Joe five questions about Hamlet and tell you for sure
which one appreciates it hest. hut such people Will be found
to differ far more widely in their verdicls than will the
measurers.

“All exact science.” says Bertrand Russell in The Scien-
tific Outlook, "is dominated by the idea of approximation.
When a man tells you that he knows the exact truth about
anything. you are 'safe in inlerring that he is an inexact
man.”

Most. of philosophy, as well, has been concerned in one
way or another with the problem of distinguishing ag peqr-
ance from reality. Like the poor educator who gets fed up
with the vast amount of nonsense that is talked and written
about.education, and who turns to testing.to find something
that is real as a basis for his deductions, the philosophers
have been busy since the beginning of {ime with the prob-
lem .of separating truth from opinion—warranted asserti-
bility from_mere assertion. While they have done a great
deal 1o clah[y the problem, theré are 1ot too many in-
stances in which they have come up with widely understood
and accepted rules to guide the secker of reality. Among
these are the rules of logic’and the canons of scientific in-
vestigation. Far down among the latter is the convention
that a diffetence may be acceptéd as real (as caused by
something other than the vagaries of the measuring instru-
ment) only if it is twice as great as the standard error of
the instrument in measuring differences, and preferably
2.6 times as great. That sort of ground-rule for conducting
an inquiry into the truth about education would have inter-
ested Plato, and he would probably have approved of it,
since he was a good mathematician himself and regarded
malhematics as a basic disciphne for anyone seriously in-
terested in the search for reality.

A few disgraceful members of the teaching profession
may worder why anyone should have any trouble discover-
ing what is real about education. What is real about it, they
will tell you, is the sweat, the smell, the noise, the trouble
with discipline, the overcrowded classes, the low pay. and
so on. If anyone professes to find reality in education by
the process of computing standard errors of differences,
they will hoot with derision. We might agree that these are
some of the unpleasant realities in the job of educating as
it is now conducted, but we are not interested in them; we
want to. find out what is real in the process of educating:
that is. in assisting the growth of the mind {not just in gen-
eral but in specified dimensions, such ag in spelling, in
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arithmetic. in reading comprehension, and so on up o the:
appreciation ol -Famlet), T we looked for such agrowth mmd'

. the toise and.smells of the classroom of the naive w']hqt’

wa might™find none at all. Who, then. is over]ookn.,, the
Teality: the measurer who does not care dbont the noise;
or the realist who dars not care ahout education? Rath
ignore certain aspeels of realily. butithe part that the real-
ist’excludes from considecation scems ta many tevel-headed
peonle far more important.

At another end of the spectrum are some verv nice peo-
ple who find what is real in education in the light that is
in the eyes of 1he children, in the lilt of their voices. in the
cute thihgs they say, and in the charm of their artislic pro-
ductions. They, also, would deplore the quest for a<reality
thal is certified by two standard errors. Bui thev would
also have to asseni to the proposition that their job is not
limited to keéping students happy and creative; they have
to assist the growth of the mind; and it is their nypothesis
that happiness and creativity assist that growth better than
bload, sweal, and tears. Very well-—but thal hypothesis re-
quires evidence. The evidence cannot be that the children
are- in fact bappy and creative. It must show that they
learn more than when they are unhappy and uncreative.
And to show that'they learn more—there you have a differ-
ence. and it is good (]mcxplme in thinking about educatlon
to refuse to recognize it as “réail” aunless jt.is at least twice
as greatas the standard error in measuring such differences.

The standdrd error ofian, average W!n]e The- reader mav

look upon this- 11e'1d1ng g omlly as “more of the amc.’ the_
“IIopo bP"rnS tov

proper reqponse to. lt iFhe on]y knew s

tion of Uamlel v :, inxcommon ]anguagc ;‘:accuratc within
one: inch,” yet thel minimuin: dif‘f‘erence we could certify as

real turned out toibe 28 l'nches Also, the standard error.

of most classroom tests ‘is about three raw-score points, yvet
the minimum difference befween two scores that we could

certify as real (at the 5% level) was 8% points. At that

rate, all_that .we- could assert  about the distribution of
scores on most classroom tests would be that most of the
stodents in the top: quarter of scores on this test were prob-
ably superior to most students in the bottom quarter. We

" could make no assertion with confidence about the scores of

* the middle half of the class. ° >
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All of this is sad but true; theve is very little hope of
proving anything: in education with single measures. The
real hope lies in repeated measurements: either testing
many students with each single measure, or testing the
same student with many ¢ different measures in the cottse
of the.year. The reason is that the standard error of an
average is much smaller than the standard errors of the
scores that enter mto it. With each additional case or meas-
ure, the standard;er ror gets smallnr, urul in. practice it is
really. not dlfﬁcult to. prove. that:sore things. work better
than others or that;;{ ) s.are S’u’p'erior to others

i
i
i
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general statoment that. fakes in both ¢f these cases is that

the standard error of an average is the standard deviation .

of the measures divided by the squara root of the number
of measures. 10 the munber of measures is Joss than thirly,
yvou are supposed to divide By .the square root of one less
than'the number of measures (VN=1)].
Now we have to find out what the Jalan(]nrd deviation”
is and how o compule it. This is more important than you
may think. for practically every other statistic that you
will ever compute has the “standard d;evia(:ion" somewhere
in its formula, 1t is like lhe recipe for l’“whiio sauce” in the
cookhooks. You wmay skip it on the grmmd that you don't
care [or while sauce and want to got on to something more
exotic, but vou find that most of ihe recipes for other
sauces begin, “First make some white sauce. Then. . . .V
There is a very simple way {o find the standard devia-
tion, proposed by W. L. Jenkins of Leéhigh University, that
will work well enough when vou are in a hurry and when

the distribution of scores is approximately “normal’ "ﬁmt :

is. when it resembles the familiar “bell-shaped carve.” Sub-
tract the sum of the boliom sixth of scores from I.he sum of
the top sixth and divide by half thé number of students
tesied: o !

I .
Sum of high sixth—sum of low sixth

%
Standard deviation=

°

H'\lf the number of students _

S

Let us try th;s [ormu!a on the I'ollowmg dlstnbuhon of
‘scores on a test of 40 items: J gy
! .
302 24 3 17 2
30 1 23 3 b 2
2 1 22 3 , 15 27
28 1 2l 5 | 14 2
o 03 13 1
% 2 19 3 | 121
25 2 w3 11
There are 45 students. A sixth of 45 is 74 ‘students.

Ordinarily we would say “Torget about the half” or “Take
_the_next higher-numher,” but here” ghe formula itsell is ah
approximation;-hence the numbevs that go into it ought to -

be as nearly accurate as we can manage. While there would:

be no way to take half of:the eight}I\ student fronm the top,

we can jolly well 1ake half of his séorc. Hence we add the

_first seven scores down from the top and then add half of

the eighth score. The sum of these 175 216."Then we add the
sevén scores from the bottom plug half the eighth score.
The sum of these is 102. Suhtractmg 102 from 216 gives us
114,

Now we have to divide 114 by half the number of stu-
dents, which is 22.5. In the item-analysis, we left out that
half student, since it would have | been impossible to get
half of him ito sit with the highs and half with the lows.
Here there. IS no pomt in leaving ln-n out, since it is almost
as edsy to lelde by 22.5 as it is to divide by 22. The quo-
lient is 5.06, whlch rounds to.5 astle nearest whole num-

ber—the same-as you wolld. get i computmg the standard
deviation by, orthodox procedureqn’ ‘ :

Now, the standard error of thp a\'erage scoré on this test
is the stai
numbe) of

—

deu:a(‘zon (huzded b'v Lhesquare root’ of lhe ‘\
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The standard deviation, 5, divided by 6.7=50.00 dividefl by
67=.75 (rounding to'the nearest hu ndredth).

pr you can see how the standard error of .-an average
compares with the standard error of the scores that gnter
info 1t. Since this was 'a test of 40 items, the stanglard
error of each score was approximately 3 raw-score pojnts.
The standard error of the average of the class now iirns
out o be only three-quarters of a ppmt This means that
the :chances ave two out of three that the truc average of

the class on exacily this sorl af test at the present time|lies -

within .75 points of the average they gol on this occasion
€21.06 if you want to figure it aut). The chances are 2D to
1 that it lies within 1.5 points: that is, that the true average
lies between 19.56 and 22.56.
This ought to show you why it is still possible to find
things out about education by means of lests even though
the standard error of an individual score is quite large.
Most of the time you are not dealing with individuals [but
with classes. You have not taught Hamlet in one way to
Susie and in another way to Joe, but you may well have
taught it in two (thcrent ways o two different classes of
approximately equal ability (for example, by usmg the
admirable Maynarcd Mack film in one class but not in|the
other). The average scores of the two classes on the same
test may very well tell 'you whether the film made nny
average difference. Remember, however, that you must
take UIL standavd evror of the difference between the two
N ‘wmagce rather than the staudard error of either averige.
This is computed exactly as\the standard evror of a dl{JFer-
ence was computed on page 5: square the standard errors
of the two averages, add Lhem.,und take the square rpot.

St.m(hrd error of a difference between dvcragch VVc shq uld
like to run through this process. once mO}e/usmg njore
orthoclox procedures, since there™ are nmnv situationg .in
which the simple .Jenkins formt/,z*wnﬂ not work: Chief
among these is the sltuatlon/m/
scores does uot look: -anything the-normial hell- shapcd
curve, as.on-a mastery Test-in-which' most of ‘the scores |are
“within a_few p3oifits of.a. perfect ‘scom Agam it is'hard to
apply to letter- gradcs where -the - spread i scores is- very
smallv “Third, it may be difficult to apply, anc ‘entail large
‘random errors,-when the -number of moasures to he aver-

"‘»aged is very small. We shnl] take up this lasl case in |the
example below,: -since it will serve to illustrate the standard
.procedure with a minimum of numbers
\, The problem arose when the wntcr and his friends were
Ilvmg in Chlcagb and had a choice between the PennLyl-

vania and the New York Central in gotting to New Yprk.
Most of the men preferred the Central on the ground that
it was smoather. Just to be ornery, the writer argued Lmt
they were the victims of pro'p‘ag'anda' they had heen re¢ad-
ing the slogan “The Water-Level Rouie—You Can Sleep”
for so many years that they had come lo believe it. The
writer argued thai there was no true difference in bumpi-
ness at all. .

Since these were measurement wnen, they naturally cast
ahout for, same means ofymeasuring bumpmess Oue of
them found an empty bottle. .that had con ed Aqua
Velva Shdvmg Lotlon IL Was: admlmble for,»» _‘e pmpo%e-

7

“which -the distribution of .-

hottle was laid-on its side. Then some tidy soul objected

that they ought not to let the water spurt out on the floor

of the car, or the porter might interrupt the experiment.

This problem was solved when they got to C]oveland which
has a toy shop in the terminal. They bought a toy balloun_
and slipped lt over the mouth of the boltle to catch the
spilled water:

Then. when they all agreed that the train was going full
speed, they laid the bottle on its side on the window-ledge
of the car, pointing toward the aisle, so that it would make
no difference whether the train was going uphill or down-
hill. They lelt it there five minutes and then took a read-
ing to find out how much water had heen displaced. (They
had marked off a scale.in millimeters on the sude ‘of the
label.) After half an hour, when the train again was going’
full speed, they took another reading. There was time for
anly five readings before they went to hed. On the return

- trip, they changed tickets to the Pennsylvania and took
five readings under exa-''y the same conditions. Since five
dollars was riding ad the ontcome, they ull.checked every
measure to make sure thai there was no: istake and noth-
ing unfair ahout the reading..

Tt turned outl that the Contral dwp]accd an average of 9
millimeters of waler per reading while the Pennsy dis-
placed 14. This would have/been -enough for the average
bet, l)ut these were mensurcment men so thcy insisted that

sHry alculahons on the b cl\'
that- the difference was sig ;
,‘TTencc therc was lcss Lha dred that
T repeated,
would ﬁnal]y averagc out” eal: differ-
ence.” How did they figure. : s

The back of the envelop like this:

o .
Cenlral
‘Smn, L «_I S S fil  fi?
121 -3 3 9 3 9
o0 2 0 0 0 0
w11 11
9 1 o 0 0 U
811 -1 -l 1 1) 1
70 -2 0 0 0 0
R R R 39
N=5. , 220, xfd? D0, =fd?
20 7 < . 2 .
5(- = L= 2,80 ura 50 = Vi = 285D org
. 1s b U 2 2 2 .
SE = VR = \5‘“_ '] = Vi = 2 = l.stndard ercor of each average

S.Eu = V12412 = /2 = L4 the standard eredr of the difference.

Of course, there is quite a lot to explain here, but the
actual operations are as snmplc as ralling off a log After
each score, Jou - .put“down "how many times it occurred
nncler f (frequency) ‘Here fione of the scores occurred
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away ench score is, froni the middle score: Thal is why -the
column is headed d, standing for “deviations.”” The middle
score does hot devinte at all from itsell, so its deviation is

‘0, and is so entered. You ean always fill out the®‘d"” column

quite automatically, simply numbering up and down irom
the middle score.
whal does that suggest from your memories of algebra? It
suggests thal you multiply each [ by the corresponding d
lo get Id; and that is précisely what you do: you multiply
the second column by the third to get the fourth. Then
what does [iI* suggest? It suggests that if you maltiply the

_third column by the lourth, you will get the fifth—since-
Ax fd=

fd*. Notice thal wherever 'a zero eniers into the
mulliplication, the produet is zero, and notice thal when
you multiply two negative nuivibers together, as in columns
three and four, the product is posilive, as in column five.
You add all those produecis in column five and write the
sum at the hottom of the column. The rather odd symbol
annexed to'it, ¥, is the Greek capital 8, and simply means
y'sum of.” You divide this sum.,20, by the number of mens-
ures, 5, and get 4, the average squared deviation. The
square root of 4=2 which is the “standard deviation” of

the scores for hoth the-Central and the Pennsy, computed

by ortiodox and stamhrd procedures that you can apply

(with a liltle- practice} {o any distribution of test scores.

ot practice, you might apply it to the. dlstnbut!on of
scores on page 7. The sum .of ‘the squared dovxauons

; (\‘fcl) in that case 3lshould come out . to 1129 -Dividing: hy
: N 45, you get 25,-and the squdrelloot of tlmt )S 5—the. -

same as in the sHorter Jeukms methad.
ad. .

e aunn e

The two lines .of ﬂgures b(low the noint aL which we’
_found. (ho stan(lard clevmtlons :

ﬂroads should

Il. wilt be good chscmhne 7for you to, rcad every’ %ymbol in
these two lines and maI\e sure that you I\now wh
there, In.the’ first: ‘ $ ;
the S, . 'st

means that we can use, the formula stqndard
the measures dxvxded by the square reoot of
the numiber of measures- (page
the standard deviation of thesg’
railroads). The number of m
less than this number is 4. Phe square root of 4° is 2. Hence
the standard error of 0’1(‘11 average is -2 over 2, which.is 1.
See whether you cangread all this in the single line of
figures that begins “S.E.” _

Then, in the last line, S.E.cr. pretty obviously ‘stands
for the standard error-of the difference between these two
averages: the square root of the sum of squares of the two
separate standard erfors. Since both have a standard error
of 1, the square is also 1, and the sum of the two squares
is 2. The square root of 2 (look it up!) is 1.4. The least that

measires is 2 (for both

" the two averages can differ, therefore, and have us certify

it as a real.difference at the 5%, leve] is 2.8 points (milli-
mieters). If they dilfer by more than 3.6 pomts (2.6 t:mes
the standard error. of. the dlfference) ‘we can’” certlfy it as
mgmﬁcant at: the 1% levc ”Smce ‘the actual: difference

.between the two avcrages was’5 pomts DAY obv1ously far

3
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The hext column is headed “fd,”" and

sures in each case is 5. One’

ad

usuqlly h'

of the two roads over-every mile of roadbed. They had
enough confidence in their stahslwal Aheory to realize that
such effort would be wasled. There 'wus an:domlﬂy less
thaun one chance in a hundred ihnt any subseguent meas-
uremgnt of {he same sort would ever upset the. general
verdicl that “the Pennsy is bumpncr {than the (en(m{ be-
tween Chicago and New York.”

Ohviously such a “conclusion would make the, public. rela-
‘lions officers of the Pennsy apoplectic with rage, and they

might be tempted to spencl {ifty thousand doHars buﬂdmg_

some kind of go-cart 1o trail behind their trains in ordér, to

measure bumpiness with greailer precision. But the whole
theory of measurement suggests that such an investment -

would be unwise. When o difference gets out beyond the
1%, devel with even crude butl fair measures, it is highly

unlikely that refiiement of the measures will show a true

 difference in the opposite direction.
We are now in a better position to appreciate what a
“slandard deviation™ is. It is a kind of average of how far

the scores are spread out from the middle score, or mean.

One slandard deviation ahove and one standard deviation
below. tlie mean will enclose two-thirds of the scores if the
distribution is normal. T'wo above and two below will en-
close 95% of the seores. This sounds exactly like thc -stan-
dard, érror—and,
statistical ftheory. Bt notice that the qtand’lrd—nrror en-
closed hypothetical scores: the-limits” wnhm which stores
mlght fall by

forme (thhout’-learnm nnvﬂunv or. forgc&tmfr 'nwthmgf)

The standard devratmn ‘encloses the actua)‘ ‘§cores mado. bv-

in fact, the twn have the same hr151s in . -

pure Lh'mce in the: selection of items if the
were . given' an-infiviite- numbor of par'ﬂlel-_

Qa gwcn c]ass in nny one admmlstrafmn "of thie test- or, in.

this case, the: actual seores \mdde by two dlﬂ'emm: qub;ocls

infive; adnnmstr'ltlons ‘of thé. same test. -
It xswmth rememhermg thaL the

betwee “10% /,, and: 20%-

{the, number 0[ ltems

for .most tezichcr-made teqis '(e\cep( mastery tests) is that-'
the standard dcwatmn will be 15‘,’7, of the number of ltems-

in the test: o oo

Sirice the .actaal ‘scores made by a dasc will orr]marﬂy»

spread out farther than'the hypoihétical scorcq that anyv-
‘individual might ‘make on paraliel forms, we must expect
~the standord deviation to he larger than the standard error-
of an indivitlual test score. This is, in fact, what we. found
for the distribution of.scores printed on page 7. The stan-
dard devialion of the$e scores was 5 raw-score points; the
standard error of any individual score within this. distribu-
tion was approximately 3 raw-score. points; the’ s;andard
&ITOT of a difference between any.two of these scores was
4Y4 points: and the standard error of the class average on
this test was only. .75 of one raw-score point. These figures

standard dwmtmn w111 :

will give you an .idea of the relative order of size of the -

quantities we have been talking about up to this, point.
t

: Reliabifity

Test: rel:abxhty. We are now m a posxtmn to compute .th




" test is hélween 709,

find it on page 7—but thai ‘s
heart.) The rcliability of the test depends on j
quantities: the number of items, the standargl” deviation,
and the mean (average), If we use n for nyﬂ{)‘er of items
(not number of students. remember!).

deviation. and M for the mean, the formudla for computing
the reliability of a test is the following: ‘

Min-—- M)

rel.=1- (Kuder-Riclirdson Formula 21)

In the scores prm(ed on-pade 7. the mean was 21. the
number of items w, . and/go the number of ilems minus
the meyas/]‘) ‘7] X 19- 599. Tn the denominator, n was
40 andthe square of the/4landard deviation was 25. 40X 25
=1,000. Rounding a bj t"we get 400 over 1,000 or .4. Then
—do not forget this-£we subtract .4 from 1 and get .6 (or
.60, if that looks pfiore familiar) as the lohablhty of the
test.

If even this much computation leaves you. cold, you can
{ind the appfoximate reliability of most- of your tests in
one of_ t}y/)f’ollowing tables. If the average score on your
and 90% correct, use the first table.
It it ig’between 509, and 70% correct, 1.se the second table.
Theft compute the standard devialion of vour test by the

shbrteut formula on page 7. If the standard deviation.

(labeled S.D. in the tables) is nearest to 10%, of the items,
‘use line 1; if 15%, use line 2; i 20%, (which happens very
rarely), use line 3. If you have to guess, use line 2.. Then
choose the column that is nearest to the number of items
in your test. The figure at the intersection of this row and
column will be the approximate reliability of your test.

© Appr ()\un.nte Rclmbullh ol 15 lasy Tests (mcr.wu 0% to Y0% cor ru,i)

Number of items (n} 20 30 40 50 60Y 70 80 90 100
IfS.D.is.10n 21 48 67 69 .75.76 81 .63 .85
I1S.D. is .15n 68 80 84 88 .00 .91 .92 93 .04
I S.D. is .20n 84 90 92 .04 96 .97 .97

95 .96

Approximate Reliability of Hard Tests (avernge 50% to T0% correct)

Number of items (n) 20 30 40 50 60 70 80 90 100
IfS.D.is .10n . — 21 41 33, .61 .66 a1 T
If S.D. is .15n Mo 67 75 .80 .84 86 .88 .89 .90

83 .87 96 92 .93 b4 91 95

If 8.D. is .20n 74

" These reliahility coefficients-are conservative estimates .

of the correlation you would get il you administered two
parallel forms of the test so closely together that no learn-
ing took place between them and computed the correlation
between the two sets of scores. In 51mpler terms, test reha-
bility is an estmmte of how close you would come v the
same set of scores if you gave a parallel form ol the fest.
It is not a percent and should never be referred to as “a
reliability of 609%.” or “60% reliable.”

Note the decisive effect of the standard ‘deviation—
because it is in the denominator of the reliability formula
and squared. A large number in the denominator at this

“point will make a smaller quantity to be subtracted. from .

1 and hence leave a larger reliability. The number of items,
n, also in the denominator, has a similar effect. The loca-
tion of the mean, M, in the numerator may seem to give
an advantage to easy tests, but this is more than offset by
the fact that such tests general]y have g smaller standard

deviation. .
L
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We are often asked what level of ro!mhlhty is satisfac-
torv. The answer has to be * ‘whatever you can get in a
given field within given time limits.” Test nublishers have
tracitionally not been satisfied with reliabilities less than
90. but teacher-made lests must usually setlle for less.
Over 300 teachers have attended the writer's classes in
measurement, anid most of these have produced tests and -
Lried them out*in their own classes. Most of those that the
writer regarded as.good, usable-tests achieved reliahilities
between .60 and .80. If we wanied a test to be highly
rcliable to serve as a final examination, we usually found
that it took two class periods and had to be administered

:on 1wo successive days: Part T on Thursday, for example,

ancd Part 1T on Friday.

It is goad to compute Lthese reliabilitics mutmely because
they take only about two minutes apiece and flash a warn-
ing signal when the reliability dips so low (as a rough
rule-of-thumb, below .60) that the scofes are hardly worth
recording. They will also set you up in the eyes of your
colleagues as a man of science, since one of the few terms
they bave heard about is “reliability.”” They vaguely believe
that it takes vast erudition and possibly an electronie com-
puter to compute reliability, and they will be greatly. im-
pressed if you can do it’in two minutes for any of your
tests on the back of an envelope. Still, you must not lel,
them go away with the idea that relmbmtv is the only
virtue in a test.-The casiest way to achieve it would be

_to ask a large number of petty factual questions in a form

that could be answered very rapidly, so that you might get

_‘]00 answers from, each student within one class period.
They would. probab]v hit a reliability of .90, and since the

brighter- and better s'tud_ents would probahly. get higher
scores than the dull-and lazy, the scores might have quite

. a respectable correlation with your grades. Still, you would

know, your colleagues would k'f'idbv and your students
would know that it was alousy, teqt The thing to do, there-
fore; is to make the best test you, c'ﬁn within.the time-limits
yon have available and then eompute the reliability. If it is
unsatisfactory, it only, means that you need more items to
work up to a stable score; hence make another test. The
following formula will tell you how many times to lengthen
the test to get up to any desired reliability:

X (1-the relxabxhty you got)
X (1—the reliability you want)

(The rehablhty you want)
(The reliability you got)

If you want .90 and got .60 with your first test, this hecomes:

90 X (1-.60) .90 X 40 3600
60 X (1—90) .60 X .10 .0600°

= 6 (limes longer)

Thus. it takes 6 tests with a reliability of .60 to work up to
reliobility of .90. Alse; it takes 3 tests with a reliability

of 75 to work up to a reliability of .90. Either of these is
entirely feasible if you have the students for 4 semester or
for a year. Simply make up more tests of the same ability.
This formula seems inconsistent with the effect of the
standard deviation—the spread of scores—on reliability,
and to make reliability entirely a function of the number
of items in the test. The supposed .inconsistency can be
straightened out as- follows. Suppose you have just given a
test on appreciation of Harmlet to your Advanced Place:
ment Class of superior students, and its reliability with this
class turns out to be .60. That means that if you gave
another test of the same kind to the same class tomorrow,
quite a few students would change position enough to affect

1
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their grade. There are two ways in which you could
increase this reliability. One would be {o go across the hall
and administer the same test lo a regular, unselecied class
that hadi everybody in it [rom geniyses lo morons. The
reliahility over there might well go up to .90, since these
people dilfered so widely in ability that another test of the
same kingd woulii not shift the rank-crder of verv many
students. This ne {est would be suflicient to give that
class reliable gra les on Hamlel. “Rut,” vou would properly
argue,’ “T am net responsible for the grades of the class
acrnss the hall, [ am responsible for the grades of this
particular class; and 1 want them to he sufficient]y reliable
so that one more {est would not shift them 'in_'ver_v many
instances.” Hence you apply the foregoing formula and
find oul that you would have to give six lests of this kind
to this particular class during the anil on Hamlet to get
their seores up to a reliahility of .90. The formula applies
only to the sort of group that you bhave jusi tested, amd il
assumes that the range of ability within this group is not
going 1o change appreciably during those six tests. For this
peisen, the reliability can be predicted on (he basis of
number of items alone. assuming that the true standared
. deviation within this group is going io remain consfant.
We must not forget the lesson nf our first section: thaf

refiability can be increased (per unit of testing time) .hy.

+ dropping or touching up items that proved to he {oo hard.
~loo easy. or non-discriminating. This. also, is not inconsis-
tent with the formula for lengthening the test. That
formula merely says, “Given the kinds of itemms you have
now, it will take X times more items to boosi reliahility to
907 But if yvou drop hopeless items and improve others,
the resired reliability may well be attained with fewer
items than the formula predicts.

Cowrelation

Correlation. This is the other n.agic word from the art and
mystery of tesfing. 1f you can do both reliabilities and
correlations and come up with results within five minutes,
your collecagues will regard you as another Einstein. Actu-
ally, any moderately bright eighth grader who has been

getling B's in arithmetic can learn how to do the simpler

kind of correlation in about fifteen minotes, and it should
not take him fonger ﬂﬁn five minutes lo compule one for
a class of averape size.

Here's how to do it: find the percentage of students who

stood in the top hall of the group on foth measures you
are correlaling and look up the correlation (r) corre-spmub
ing to this percentage in the following table:
Y% ™ T o v “ r o r
5095 3T 49 29 25 2 S35 13 69
3 —B—65 28 10 20 -3 12 -.73
2301 35 60 27 I3 19 -37 1 e
42 B8 355 2 .07 18 -3 10 -8l
A N85 33 .9 25 .00 17 49 v -85
40 .8 g2 A3 2-!} - 07 6 -.55 8 -.88
3 77 31 37 23 -43 15 .60 7o-91
38_ 73 30 ".31 22 -19 1L .65 6 -93

These are called “tetrachoric correlations,””. while the
more common but more difficult kind are called “product-
‘moment correlations.” They mean the same thing, in the
sense that the tetrachoric yiclds a fairly accurate estimate

Q

_the seores have been tallied. count down the

.o them;
means, it is the most flagrant of boners.’ There is no way,

of the correlation thal you would get by the .pr";)ducf-'

moiment methed. Tetrachories are perfectly respectable and
are olten used in educational research, but vou'can see
that they are not very precise, since a difference of 1%
an make a difference as great as .07 in the correlption.
However, the relinbility of the data that tdachers usually
have {o work with and the relafively small numbers of
studgnts involved usually do not juslify more precise
methods of computution. The hest you can hope to get hy
any method is a rough idea of the "onnml order of mag-
nitude of tho relationship.

Since oven 1%, of the s(urlent.‘s‘ can make so much differ-

ence in the correlation, it is important 1o use a standard.
uniform method of counting how many students stood in
the top half on each measure. We trust thal you know how
ta find the middle score. on each measure. List the scores
on each measure (rom highest to lowest and put a tally
afler each sedre for each student who made i, Afler all
tatlies to half
the number of students in the group. ‘The scare at which
this mid-dle tally falls is the middle scure. )

You will ordinarily have tHe students listed in alphwhetical
order. and after each name vou will have the two scores
that yvou are correlating. After you have found the middle
score on each measure, go down the list and pnt a check
alter each seore that stands above the middie score on that
mensure: a siraight line after cach score that stands at
the middié score. Do this separately fm‘ L’ICh of the two
measures.

Then, if you need three more students with middle
scores on Measure A to take in half of the group. putl a
check through the first three straight lines on Measure A

that vdu come to in alphabetical .oider. I{ you.need five -

more students with middle seores on Measure B,
check through the first five straight lines after the scores
on that measure. Then count how many stizdents have two
checks after their names. Turn this nuiaber into a percent

put a -

by dividing it by the fotal number of students (not Ly the _

number in (ho top half). Look up this pelcem in the fore-
going table. The decimal corrasponding To it will be the
correlation between the two measures.

It is not necessary for the two measures to be sn any-

"ing like the same scale. It isperfectly valid. for example,

to correlale height in inthes with weight in pounds;- or
scores on an objective test that run from 200 to 800 with
seores on an essay that run fr om [ to 9. All thal is neces-
sary is to count how many students stood in the top half
of this same group on both measures. .
1t is impossible and meuningless, however, to Lorrelate

the scores of twa different groups on the same measure:’

for example, to correlate the scores of the boys with those
of the gu‘]q You start with a single list of maiaes, each ol
which has two scores after it. Then you can correlate the
first set of scores with the second set o scores. But if you
have two separate lists of names. each with a single score
after il, there is no way-lo count how many students who
stood high on the first- measure also stood high on the
second. There is only one measure. i
Toeachers ~ften speak loosely of * correlating" one class
with anoth,  when they really mean “comparing.” They
use the longer lerm only because it sounds more scientific
but to anyone who knows what a correlation

to correlate two groups ¢l students on the same measure;

LI
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one can only correlate two sets of measures on the same
students. To compare the performance of two groups of
students on the same test or ather measure, you compare
their averages, and if vou want to And out whether the
averages were “really™ different. you compute the standard
errors of these averages and then the standard error of the
difference. as we explained on pages 7-9.

The general meaning of correlation may be remembered
this way. 4 positive correlation means that the higher a
student stood on one measure, {he higher he stooa on the
other. A negative correlation means that the higher he
stood on one measure, the lower he stood on the other.
(We often get such correlations: for example, between
number of errors in a composition and teachers’ grades on
those compositions.} A zero or near-zero correlation
(roughly from .25 to -.25) means that a student who steod
high on one meunsure might stand anywhere at all on the
other {(for example, the correlation between height and
1.Q.).

The topic of correlation is closely related to the preced-
ing topic of reliahility, because often the only way of com-
puting the reliability of a test is to give {wo tests ol the
same ability and correlate the two sets of scores. This is
true of (a) essay tests and (b) tests in which the items
receive dilferent numbers of points. The Kuder-Richardson
Formula 21 given on page 10 will work only for objective
tests in which all items arc scored either 1 or 0: that is,
as cither right or not-right (wrongs and omits counting
equally as not-right). It is also true (although this principle

is often violated) of tests in which more than 20% of the

stuclents were unable {o finish: that is, of speeded tests. - . .

Speed spuriously increases reliability to an extent that. if~"

the less able students were able to finish only Walf the tés't‘,-‘_ -
it would be almost impossible to get a low reliability. Yet

sometimes it is nppropriate and necessary to give a speecled
fest. Tn such rase:. the only fair, accepiahle way to esti.

“mate rel'ability is to give two lests of the same sort and

compute the correlation hetween the two sete of scores.
Sometimes teachers cheat themselves by securing two
essays. each graderd independently. for their final examina-
tion; by correlating grades on the first set of essays with
grades on the second sct; and by calling that correlation

.the relianility of the examinat.an. Tt is not: it is tl.e reli-

ability of one essay. If vou use the sum or average of both
essay grades as the grade for the examination, its reliability
is lwice the correlation divided by one plus the correlation.
For example. if the correlation is .60,

el = T 50 160 163

This is called the “Spearman-Brown Prophecy Formula.”
Another form of it appears on page 10. It should also be
usexl whenever you are computing reliabilities by the old
method of correlating scores on even-numbered items with
scores on odd-numbered items. The correlation you get is
the reliability of half the test. To get the reliability of the
whole test. do as above: double the correlation and divide
by one plus that correlation. -
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